












































































































































˾˿Θδϣί ί΍ ϪϫΎϣ ζη ϱ΍ήΟ΍ϥί΍ϮΗ ςϳ΍ήη ί΍ ωϭήη ΎΑ ϥΎΘδΑΎΗ ϪΑ ϥΎ
ϪϧΎΘδϣί̀̀
˾˿˺ ̶ϳΎϴϓ΍ήϐΟ νήϋ έΩ ϝΪϣ ̵΍ήΟ΍ ̵ΎϬϴΟϭήΧ˻́
ϪΟέΩ̀́
































































































































































































































































































































ΩϮѧηϲѧϣϢσϼΗ .(Sverdrup et  al., ˻˹˹̀) ϪѧΠϴΘϧέΩΏ΁ϥϮΘѧγέΩϦϳϼ̯ϮѧϣήΗ̶ϳΎѧΠΑΎΟέϮѧτϨϴϤϫ
έΎθΘϧ΍ Ω̶Η΍ήϴϴϐΗΎΑΪϨϳ΍ήϓϭΩϦϳ΍ϭΩΪϧϮϴ̡̶ϣωϮϗϭϪΑ̶ϠΧ΍Ω̵ΪϣϭέΰΟΝ΍Ϯϣ΍αΎѧϴϘϣϥΎѧϴϣεΩή̳έ







































































ΪϣϭέΰΟΝϮϣ Ζγ΍ήϔλ ΝϮϣ ΪϨ̩ Ύϳ ϭΩζϨ̰ϤϫήΑ ϭβϴϟϮϳέϮ̯̵ϭήϴϧϞϴϟΩ ϪΑ̶ϫΎ̳ ϩή̳ρΎϘϧ
















ϞϜη˺˽έΩ̮ϴϧϮϣέΎϫ̶Ϡλ΍̵ΎϫϪϔϟϮϣK˺ϭ˺O(El-Sayed, and Gerges, ˻˹˹˺) 
 
ΒηϡΎΠϧ΍ΎΑϱΪϣϭέΰΟΕΎϧΎϳήΟΖϋήγΐϴΗήΗϪΑαέΎϓΞϴϠΧϭΰϣήϫϪ̴ϨΗέΩΪϣϭέΰΟϱίΎγϪϴ














m )˺ ΎΑ Ϫ̯ ΪϫΩ ̶ϣ ϥΎθϧ ΍έ ̶ϤσϼΗ έΎΛ΁ ˬϦΘϬϨϣ ̶̰ϳΩΰϧ έΩ) ADCPAcoustical 
Doppler Current ProfilerΖγ΍ϩΪϫΎθϣϞΑΎϗϪγϖϤϋί΍έ΍ΪϳΎ̡ΎϧέϮσϪΑΏ΁ϥϮΘγ̵ΪϨΑϪϳϻ
ΩϮη̶ϣΩΎΠϳ΍̶ϘϤϋΪϣϭέΰΟϭ̶ϟΎ̴̩ϥΎϳΩ΍ή̳ϪΠϴΘϧέΩήΘδΑϪΑ̮ϳΩΰϧϭϦϴϳΎ̡ϪΑ̵ήΘϣΐμϣέΩ
ήϴ̳ ̶ϣ ΕέϮλΖϓέ΍ήϓ ϭ ϩΪη ΪϳΪη ήΘδΑ ί΍ ̶ϋΎϔΗέ΍ ΎΑ ϞΣΎγ ϪΑ ϭέ ΕΎϧΎϳήΟ ˬϪϧΎΧΩϭέ Ϧϳ΍Ω
Baumert and Hartmut, ˻˹˹̀)
ϪϠϤΟί΍ ϪϧΎϜΗ ϭ Ύϣή̳ϝΩΎόΗ ϭ ΎϳέΩΖϤγί΍ ΪϣϭέΰΟ ϡϮΠϫ ˬΎϫ ϪϧΎΧΩϭέϦϳήϴηΏ΁ϥΎϳήΟ Ωϭέϭ
ΪϨΘδϫ Ύϫ ϪϧΎΧΩϭέΐμϣ̵̫ϮϟϭέΪϴϫ ήΑ Ϣ̯ΎΣ ςϳ΍ήη έΎη ˬ̶ϠΣΎγ ϥΎϳήΟΖϓέ΍ήϓ έΩ ήϴϴϐΗ ήϫ
Η΍έΏ΁ϥϮΘγϢ΋Ύϗ̵έ΍ΪϳΎ̡̶σϼΘΧ΍Ε΍ήΛ΍ϭΩΎΑζϨΗˬ̶ϳΎϣή̳ΪϫΩ̶ϣήϴϴϐ̶ηΎϧ΢τγέΩ̵έϭΎϨη
ήΑ ̶Ϡμϓ ΎΗ Ϫϧ΍ίϭέ ̶ϧΎϣί ̵Ύϫ ϩέϭΩ έΩ ΪϴηέϮΧ ̵Ύϣή̳ ϭ ϪΘϓΎϳ ζϳ΍ΰϓ΍ ϪϧΎΧΩϭέ Ώ΁ Ωϭέϭ ί΍
Ζγ΍ΐϟΎϏ̵έϭΎϨηήΑϕϮϓϞϣ΍ϮϋΎΑϪδϳΎϘϣϞΑΎϗ̶Ϡϣ΍ϮϋΰϴϧΩΎΑζϨΗϭ̵ΪϣϭέΰΟρϼΘΧ΍ˬϞΑΎϘϣέΩ






(Cottier et al., ˻˹˹˻)ˬϱέϮηΪϳΪηϱΎϬϧΎϳΩ΍ή̳ϞΤϣΎϳέΩϪΑΎϫϪϧΎΧΩϭέΏ΁ϱΩϭέϭϭΎϫέϮΧ
ΪϨΘδϫϥΎϳΰΑ΁ϱάϐϣΩ΍ϮϣϭΎϬϧϮΘϜϧϼ̡ϊϤΠΗϞΤϣϭΎϣΩϭΪϣϭέΰΟί΍ϱήϳά̡ήϴΛΎΗΎΑΎϫέϮΧΖϘϴϘΣέΩ
ΪϨΘδϫΏ΁ϥϮΘγϱΪϨΑϪϳϻέΎΘΧΎγϚϳϱ΍έ΍ΩΎϫϪϧΎΧΩϭέϦϳήϴηΏ΁Ωϭέϭ
(Blaise and Deleersnijder, ˻˹˹́) ΖϤγϪΑϪϧΎΧΩϭέϦϳήϴηΏ΁ϥΎϳήΟΖϬΟΖϔ̳ϥ΍ϮΗ̶ϣ





ΩϮη̶ϣϒϳήόΗ ΎϣΩϒϴόοϥΎϳΩ΍ή̳ ΎΑ ϪδϳΎϘϣBlaise and Deleersnijder, ˻˹˹́)  ϪϧΎΧΩϭέ
ΪϨϫΩ̶ϣϞϴ̰θΗ΍έΏήόϟ΍ςηϭΪϧΪϧϮϴ̡̶ϣϢϫϪΑϕ΍ήϋϩήμΑήϬηϲϜϳΩΰϧέΩΕ΍ήϓϭϪϠΟΩ̵Ύϫί΍
 Ϊϧϭέ΍̭ΎΑϪϧΎΧΩϭέϦϳ΍ϦΘγϮϴ̡ ϢϫϪΑϪ̯̀ΪϫΩ̶ϣϞϴ̰θΗ ΍έΪϧϭέ΍  ϪϠλΎϓέΩ˼˼̵ήΘϣϮϠϴ̯
ΩϮη̶ϣϞϴ̰θΗΪϧϭέ΍ϪϧΎΧΩϭέˬϩήμΑβ̡Ϊϧϭέ΍ϥΎϳήΟ̶σί΍˺˺˹Ωέ΍ϭαέΎϓΞϴϠΧϪΑήΘϣϮϠϴ̯
ΩϮηϲϣΩϭΪΣΪϧϭέ΍ϪϧΎΧΩϭέ̂˽́˼̀˾ϥΎϳήΟϦϴ̴ϧΎϴϣ̵΍έ΍ΩϭΪϨ̯̶ϣ̶θ̰ϫί΍έϊΑήϣήΘϣϮϠϴ̯














































































































































































(Hodges et al., ˻˹˹˹)ϭ̶ΟέΎѧΧ̶̰ϴϧΎѧ̰ϣ̵̫ήѧϧ΍̵ΩϭέϭϪϠϴѧγϭϪѧΑαϮϧΎѧϴϗ΍ϪΘΨϴϣ΁ϪϳϻϖϤϋ
ΩϮη̶ϣϝήΘϨ̯̶Ττγ̵έϭΎϨη̵ϭήϴϧϴϣ΁ϪϳϻϖϤϋ̶ѧθΒϨΟ̵̫ήѧϧ΍ϪΑ̶ΤτγρϼΘΧ΍ϩ΍ήϤϫϪΑϪΘΨ
̵ΪѧϨΑϪϳϻϭ̶ΤτγϪϳϻϖϳήσί΍̶θΑΎΗ̶ϳΎϣή̳έΎηϝΎϘΘϧ΍ˬΎϳέΩΩ΍ί΁΢τγήΑΩΎΑί΍̶ηΎϧ̶ϤσϼΗ



















Ζγ΍ΩϮϬθϣϱΪόΑϪγϭϱΪόΑϭΩ(Chen et al., ˻˹˹˺)
 
˻˻ϪϧΎ̳ϭΩζΨ̡ΖϓήϤϫ 
    ϱΎϫϩΩϮΗϦϴΑϪϛΖγ΍ϲϤσϼΗϲΘϓήϤϫΪϨϳ΍ήϓ̮ϳϪϧΎ̳ϭΩζΨ̡ΖϓήϤϫϱέϮηϭΎϣΩΎΑΏ΁Tϭ
SΪϫΩϲϣΥέΕϭΎϔΘϣΎϬγϮϧΎϴϗ΍ϚϴϣΎϨϳΩέΩϲϟϭˬΪϫΩϲϣΥέϚ̩ϮϛαΎϴϘϣέΩϪ̩ή̳ΪϨϳ΍ήϓϦϳ΍













ΩϮη˭ϪϳϻέΩ ϢσϼΗ ϭΏ΁ϥΪηϦ̴Ϥϫ ˬ̶Ττγ̵ΎϬΑ΁έΩ ΪϣϭέΰΟέΎθΘϧ΍ ϭϞϴ̰θΗϝΎΒϧΩ ϪΑ ˬ̶Ϩόϳ





ΪϫΩϲϣΥέΕϭΎϔΘϣϲϜϳΰϴϓι΍ϮΧ ΎΑΏ΁ ϩΩϮΗϭΩίήϣ .(Pineda and Lopez, ˻˹˹˻)ϝϮλ΍
Ζγ΍̶Ϡλ΍έϮΘ̯ΎϓϪγϞϣΎη̶Βμϣ̵ΎϫϪοϮΣήΑϢ̯ΎΣ̶ϓ΍ή̳ϭέΪϴϫ ί΍̵έΎΟϦϳήϴηΏ΁Ωϭέϭ
Ω΍ί΁αϮϧΎϴϗ΍ί΍Ώ΁̵ΪϣϭέΰΟϡϮΠϫˬέϮΧϞΧ΍ΩϪΑΐμϣϑ΍ήσ΍̵ΎϬϨϴϣίϭϪϧΎϜΗˬΎϣή̳ϥί΍ϮΗϭ




ΪϫΩΥέϢ΋ΎϗρϼΘΧ΍Ν΍Ϯϣ΍Ϧϳ΍ΖδϜηϪΠϴΘϧέΩϭϩΪη.(Potemra et al., ˻˹˹˼) 

˻˼έϮϣ̲ϧϻεΩή̳
   ϭ Ε΍ήϴϴϐΗ ΐΟϮϣαϮϧΎϴϗ΍ ϭ ΎϳέΩ Ω΍ί΁ ΢τγ ήΑ ΩΎΑζϨΗΕΎϴλϮμΧ ϭ ςϳ΍ήη έΩ ̶ΗΎϧΎγϮϧ
ΩϮη̶ϣ̶Ττγ̵ΎϬΑ΁̶̰ϳΰϴϓ ϖϴϤϋϭ̶ϧΎϴϣ̵ΎϫϪϳϻϪΑϲϠΣΎγϖσΎϨϣέΩ ϩΪηΩΎΠϳ΍ ϢσϼΗϼΜϣ
ΪΑΎϳ̶ϣϝΎϘΘϧ΍ΰϴϧΏ΁ϥϮΘγέϮϣ̲ϧϻεΩή̳ έΩϪ̯έϮτϧΎϤϫϞ̰η˻˺ΖϔΟϞϣΎηˬΩϮη̶ϣϩΪϳΩ
Θϓή̳Ϟ̰ηΩΎΑΖϬΟέΩΎΒϳήϘΗϪ̯̵ί΍ϮϣΩή̴ΘϋΎγβ̰Ηέϭ̵ΎϫΩΎΠϳ΍̶ΤτγρϼΘΧ΍ϪϳϻέΩΐϠϏ΍ϭϪ




























































Aken et al., ˻˹˹˼)ѧϳ΍Ϧϴ̴ϧΎѧϴϣ̵̫ήѧϧ΍ϑϼѧΗ΍ΥήѧϧϦϴΑ̶̴ΘδΒϤϫ̮ϳϻϮϤόϣϲγϮϧΎϴϗ΍ϩΩϮΗέΩϦ
Ωέ΍ΩΩϮΟϭϩΪηΩΎΠϳ΍̶ϤσϼΗ̶θΒϨΟ̵̫ήϧ΍ϭΝ΍Ϯϣ΍ϦϴѧΑϥί΍ϮΗϚϳαϮϧΎϴϗ΍ϕΎϤϋ΍έΩΎϧΎϣΖϟΎΣέΩ
Ωέ΍ΩΩϮѧΟϭΎѧϬϧ΁ΖѧδϜηί΍ϲѧηΎϧϲϤσϼΗ̵̫ήϧ΍ϭΝ΍Ϯϣ΍Ϧϳ΍ϱ̫ήϧ΍ϑϼΗ΍έΩϢѧϬϣϞѧϣΎϋϪѧγΐѧϠϏ΍













































































 ΪηΎΑςΒΗήϣ ˬΩϮηϲϣϲηΎϧϲϠΣΎγMoum et al., ˻˹˹́) έΩΕ΍ήϴϴϐΗϲϧΎϜϣ ϭϲϧΎϣί̲Ϩϫ΁
Ϝ̪ϴ̡̱έΰΑϭϚ̩ϮϛϱΎϬΘϛήΣΪηΎΑϩΎ̴θϳΎϣί΁έΩϩΪηϩΪϫΎθϣΩέ΍Ϯϣί΍ήΘ̳έΰΑϲϠϴΧΖγ΍ϦϜϤϣΎϬ
ΩϮηϲϣϞϳΪΒΗΰϳέϱΎϫέΎΘΧΎγϪΑΎϳϭϩΪη΍ήϴϣΖϋήγϪΑϢσϼΗϢσϼΗΕΎμΨθϣϱήϴ̳ϩί΍Ϊϧ΍΍άϟ





Ωέ΍ΩϖϤϋΩϮηϲϣϲηϮΟ΍ήϓΖϋήγέΩϲΗ΍ήϴϴϐΗΐΒγϲϘϤϋϱΎϬΘϋήγήΑϢσϼΗήϴΛΎΗ  .( Blaise 
et al., ˻˹˹̀) 
ϥ΍έΎ̰ϤϫϭϩϮϧ˻˹˹̀̵ΪόΑϪγϝΪϣ̵΍ήΟ΍ΎΑΩϮΧϖϴϘΤΗέΩOGCM
Ocean General Circulation ModelαϮϧΎϴϗ΍ ϖϴϤϋ ΖϤδϗ έΩ Ώ΁ εΩή̳ ϪόϟΎτϣ ϪΑ ˬ
ΪϨΘΧ΍Ωή̡ ̵̫ήϧ΍ ΎΑΐγΎϨΘϣΝ΍Ϯϣ΍ωΎϔΗέ΍Ε΍ήϴϴϐΗ ϭ ϡ΍έ΁αϮϧΎϴϗ΍ϝΎϤηέΩΏ΁εΩή̳̵ίΎγϪϴΒη
ΩϮΑϪόϟΎτϣϦϳ΍̶Ϡλ΍ϑ΍Ϊϫ΍ˬΎϫ̵Ω΍̶θΒϨΟ̮ϴΗΎΘγ΍ϭέΪϴϫΐϳήϘΗΎΑϢϛΎΣΕϻΩΎόϣϥΩήΑέΎ̯ϪΑΎΑ
ϐΟϝϮσϩΩϭΪΤϣέΩ̶ϳΎϴϓ΍ή [̀˹W-̂˾E]̶ϳΎϴϓ΍ήϐΟνήϋϭ[˾˹S-˿˾N] ϩί΍Ϊϧ΍ϪΑϪ̰ΒηΩΎόΑ΍ϭ
˹̂˹ωΎϔΗέ΍Ε΍ήϴϴϐΗϦϴϨ̪Ϥϫ ϭ̵̫ήϧ΍Ϧϳ΍ϑϼΗ΍ Υήϧ ˬΎϫ̵Ω΍̶θΒϨΟ̵̫ήϧ΍ ˬϲϳΎϴϓ΍ήϐΟ ϪΟέΩ
ΪϧΪη̵ίΎγ ϪϴΒηΝ΍Ϯϣ΍ ̶γϱ΍ϭΎ̯΍έ΁ Ϫ̰Βη έΩ ϖϴϘΤΗ Ϧϳ΍ έΩβ̯ϮΘγ΍ ήϳϭΎϧΕϻΩΎόϣ̵ΩΪϋϞΣ
Arakawa CϓέέΎϛϪΑΖγ΍ϪΘϩΩϮΑέ΍ϮϤϫΕέϮλϪΑϪοϮΣήΘδΑϪϛΖγ΍ϩΪηνήϓέϮτϨϴϤϫ














































































































έΩ (Peters et al., ˻˹˹˽) 





















ϢσϼΗ(Carpenter et al., ˻˹˹˿)
 















kw ˹˺ ( ϭbΕΎΑϮγέ
ΕΎϧΎϳήΟέΎηςγϮΗ̶ϟΎϘΘϧ΍(Alford and Pinkel, ˻˹˹˿)

ϭϥϮѧϨϴϜϣ̱ήѧ̳(Mackinnon and Gregg, ˻˹˹˻)ϩί΍Ϊѧϧ΍ήϳΩΎѧϘϣϥΩήѧΑέΎѧϛϪѧΑΎѧΑϩΪѧηϱήѧϴ̳
ϭϥϮѧγΩέΎ̪ϳέΩΪѧϋϪΒѧγΎΤϣϪѧΑΪѧϨϠ̴ϧ΍ϩέΎѧϗΕϼѧϓέΩϥΎΘѧδΑΎΗϞμϓήΧ΍ϭ΍έΩΏ΁ϲϜϳΰϴϓϱΎϫήΘϣ΍έΎ̡
ΪϨΘΧ΍Ωή̡ϪοϮΣϦϳ΍έΩϱέϭΎϨηβϧΎϛήϓϖϴϘΤΗϦϳ΍ϪόϟΎτϣΩέϮϣϪοϮΣϖϤῢ˹ΩϮѧΑήѧΘϣϩί΍Ϊѧϧ΍






































ϞϜη˻́Ώ΁ϥϮΘγ̵ΪϨΑϪϳϻ̶̰ϴϨϴϠ̯ϭέΎΑέΎΘϓέΖδΨϧ̶̰ϴϨϴϠ̯ϭέΎΑΪϣΞϨ̡(Mackinnon and Gregg, ˻˹˹˻)













     Ζγ΍ϪόϟΎτϣΖϴϤϫ΍ΰϳΎΣ̶̰ϳΰϴϓϭ̶̰ϳ̫ϮϟϮϴΑυΎΤϟί΍̶Α΁ϪοϮΣ̮ϳϥ΍ϮϨϋϪΑαέΎϓΞϴϠΧ
ϭΝ΍Ϯϣ΍ϱ΍έ΍ΩΞϴϠΧϦϳ΍ϲϣΏϮδΤϣΩΪόΘϣΕΎϘϴϘΤΗϭΕΎόϟΎτϣϞΤϣϦϳ΍ήΑΎϨΑϭΖγ΍ϒϠΘΨϣΕΎϧΎϳήΟ





ΠΗςΑ΍ϭέΪϨϨϛϲϣ ϩΩΎϔΘγ΍ϲΘδϳέϮΗ ϭϱέΎ ̮ϳέΩ Ϫ̯Ζγ΍ ϪΘδΑ ϪϤϴϧ̵ΎϳέΩ̮ϳϲΑ΁ ϪοϮΣϦϳ΍
 ̶ϳΎϴϓ΍ήϐΟνήϋ ϩΩϭΪΤϣ έΩ ϭ Ωέ΍Ω έ΍ήϗ ̵΍ ϩέΎΣ̮θΧ ϪϤϴϧ ̶ϳΎϴϓ΍ήϐΟ ϪϘτϨϣ˼˹˻˽ϪΟέΩ
Ωέ΍Ωέ΍ήϗ̶ϟΎϤη̶ϣϮϤϋςϳ΍ήηΕέϮλϪΑαέΎϓΞϴϠΧέΩϪ̯Ζγ΍̵ϮΟϩΪϳΪ̡ϭΩεέΎΑϭήϴΨΒΗ
΍Ω ϭ ϩΩΎΘϓ΍ ϕΎϔΗ΍ ϪϧΎϴϟΎγ Ϧϴ̴ϧΎϴϣ ̵΍έ˻ ϭ ήΘϣ˺˾˹ ΪϨΘδϫ ήΘϣKampf and Sadrinasab, 
˻˹˹˿) ΖϤγ ί΍ Ϫ̯Ζγ΍ ̵ήτΑ Ϟ̰η ϪΑ ̶Α΁ ϪοϮΣϚϳ ˬΖγ΍ ϖϤϋ Ϣ̯ ϼϣΎ̯ ϪϛαέΎϓ ΞϴϠΧ
Ωέ΍ΩεήΘδ̳ϥ΍ήϳ΍έϮθ̯ΏϮϨΟέΩ̶ϗήθΑϮϨΟΎΗ̶ΑήϐϟΎϤηϥ΁ϝϮσ̂˺̀νήϋϭϩΩϮΑήΘϣϮϠϴ̯
 ϥ΁ ϪϨϴθϴΑ˼˼́Ζγ΍ ήΘϣϮϠϴ̯ ΎΧΩϭέΪϧΰϳέ̶ϣαέΎϓ ΞϴϠΧ ϪΑ ΰϴϧ ϥϭέΎ̯ ϭΕ΍ήϓ ˬϪϠΟΩ̵Ύϫ Ϫϧ
ϥΎΘδΑΎΗϞμϓϭΩέΩαέΎϓΞϴϠΧέΩΏ΁ϥϮΘγ̶ϳϻΎΑϪϳϻέΩΕΎϧΎϳήΟϭΝ΍Ϯϣ΍ϢδϴϧΎ̰ϣϭΕΎϴλϮμΧ
Ζγ΍ΕϭΎϔΘϣϥΎΘδϣίϭ̵ΪϨΑϪϘΒσϲϨόϳˬΩϮη̶ϣϞϴ̰θΗαέΎϓΞϴϠΧϡΎϤΗέΩϦϳϼ̯ϮϣήΗˬϥΎΘδΑΎΗέΩ
Ζγ΍ ΪϳΪη ϝΎϴγ ϥϮΘγ  ̵έϮηϪΠϴΘϧ έΩ ϭΖγ΍ ήΘθϴΑ ϥΎϤϋ̵ΎϳέΩ ϪΑΖΒδϧαέΎϓ ΞϴϠΧ έΩΏ΁
αέΎϓΞϴϠΧΖϤγϪΑϥΎϤϋ̵ΎϳέΩί΍̶ΤτγΕΎϧΎϳήΟϭϥΎϤϋ̵ΎϳέΩϪΑαέΎϓΞϴϠΧί΍̶ϘϤϋΕΎϧΎϳήΟ
















έΩϪ̯ ΪϨϫΩ̶ϣϥΎθϧ ϩΪηϡΎΠϧ΍ΕΎϘϴϘΤΗ˺˽˹˹˹̮θΧϩέΩ̮ϳαέΎϓΞϴϠΧ Ωϼϴϣί΍ϞΒϗϝΎγ
ϖϤϋήΜ̯΍ΪΣϪ̯ϩΩϮΑ̂˹ϖϤϋϦϴ̴ϧΎϴϣϭήΘϣ˾˹Ζγ΍ϪΘη΍ΩήΘϣϭϪϠΟΩ̵ΎϫϪϧΎΧΩϭέˬϥΎϣίϦϳ΍έΩ
ΪϨΘΨϳέ̶ϣϥΎϤϋ̵ΎϳέΩϪΑΎϤϴϘΘδϣˬΪϨΘϓή̳̶ϣϪϤθ̩ήγ̶ϟϮΗΎϧ΁ί΍Ϫ̯Ε΍ήϓ˭̶ϳΎϫϪϟΎ̩ˬϥΎϴϣϦϳ΍έΩ
ϭΩ Ϧϳ΍ ϦϳήϴηΏ΁ ί΍ ˬΪϨΘη΍Ω ΩϮΟϭ ̶ϧϮϨ̯αέΎϓ ΞϴϠΧ̮θΧ ϩέΩ έΩΕ΍ήϓ ϭ ϪϠΟΩ ήϴδϣ έΩ Ϫ̯
ΪϧΩ΍Ω̶ϣϞϴ̰θΗ ΍έ̶ϳΎϫϪ̩ΎϳέΩϭ ϩΪηϮϠϤϣϪϧΎΧΩϭέ ήΘδΑ̶ϓ΍ή̳Ϯ̡ϮΗήϳϭΎμΗϪϴϬΗέΩϥϮϨ̯΍ Ϣϫ
έΩΕ΍ήϓϭϪϠΟΩ̵ΎϫϪϧΎΧΩϭέέΎΛ΁ˬαέΎϓΞϴϠΧ˺˽˹˹˹ϴϣί΍ϞΒϗϝΎγήΑ̶ϳΎϫέΎϴηΕέϮλϪΑΩϼ
ΪϧϮη̶ϣϩΪϫΎθϣΞϴϠΧήΘδΑϪΑϭΪηή̡Ώ΁ί΍αέΎϓΞϴϠΧˬΎϬΨϳϥΪηΏϭΫϭϥ΍ΪϨΒΨϳήμϋί΍ΪόΑ
̶Ττγ̵ΎϬΑ΁ ϭ ΪϨϫαϮϧΎϴϗ΍ ˬϥΎϤϋ̵ΎϳέΩ ϪΑΰϣήϫ Ϫ̴ϨΗϖϳήσί΍ϥϮϨ̯΍ Ϣϫ Ϫ̯ΖγϮϴ̡ ΎϬγϮϧΎϴϗ΍
Ζγ΍ϞμΘϣϦϴϣί
ϫΎϧ ήΘδΑϦϳϼϛϮϣήΗ ϞϴϜθΗ ί΍ ϲηΎϧ Ώ΁ ϥϮΘγ έΩ ΍έ ϱέ΍ΪϳΎ̡ ϱΪϨΑ ϪϨϴ̩ ςϳ΍ήη ϩ΍ήϤϫ ϪΑ έ΍ϮϤ
ΪϨϛϲϣΩΎΠϳ΍Ώ΁ϥϮΘγϲϘϤϋϪϳϻέΩΩΎϳίϲΒδϧϱ̫ήϧ΍ΎΑϲϠΧ΍ΩΝ΍Ϯϣ΍ΎϬΑ΁Ϧϳ΍έΩϪϧΎΘδΑΎΗϪΠϴΘϧέΩ




.(Winters et al, ˻˹˹˽̶ϘϤϋ̶ϠΧ΍ΩΝ΍Ϯϣ΍̵̫ήϧ΍ΩΎΠϳ΍έΩϲΑ΁ϪοϮΣϦϳ΍έΩήΘδΑ̶ϓ΍ή̳Ϯ̡ϮΗ
Ζγ΍ήΛΆϣ̵ΎϬϧΎϳήΟϭϱΪϣϭέΰΟϱΎϬϧΎϳήΟ ΎΑϪοϮΣήΘδΑ̵ΎϬϳέ΍ϮϤϫΎϧζϨ̰ϤϫήΑ̶Ϡ̯έϮσϪΑ





















Ωήϴ̳̶ϣΕέϮλαέΎϓΞϴϠΧ ϪΑ Ϊϧϭέ΍ ϪϧΎΧΩϭέϥΎϳήΟ ΩϭέϭϦϴϨ̪Ϥϫ ϭ̶ΑήϐϟΎϤη Ϫ̰Ϩϳ΍ΖϠϋ ϪΑ
Α΁έΩΩϮΟϮϣ̵ΎϫϩΪϳΪ̡ήΑϥΎϤϋ̵ΎϳέΩϭαέΎϓΞϴϠΧϦϴΑΏ΁ϝΩΎΒΗϖϴϘΤΗϦϳ΍έΩˬΩέ΍ΩήΛ΍ΞϴϠΧ̵ΎϬ

























































































































































































































































ϭ ϩΩήϛ ΫϮϔϧ ϩέΎηϥϮΘγϥϭέΩ ϪΑϲϘϓ΍ΕέϮλϪΑϲϟΎ̴̩ϝΩΎόΗΩέϭ΁ ΩϮΟϭ ϪΑ ΍έϱ΍ϪϳϻέΎΘΧΎγ

































and Blumberg, ˺̂́˾Ζγ΍ ϩΪηϪΘηϮϧ ϝΪϣ̵΍ήΟ΍έΩPOMϥΎϳήΟˬαέΎϓΞϴϠΧϪϘτϨϣέΩ
ϭ ϩΪη ϪΘϓή̳ ήψϧ έΩ ήϔλ ˬΖη΍Ω ΩϮΟϭ έϮμΤϣ ϭ ϢϴϘΘδϣ ̶ϟΎϧΎ̯ έΩ Ϫ̯ ΖΑΎΛ Ζϋήγ ΎΑ Ϫϴϟϭ΍







































   
X, Y, t)ȘϪѧ̰ϳέϮσϪѧΑΖѧγ΍ΎѧϳέΩΩ΍ί΁΢τγϦϴ̴ϧΎϴϣί΍΢τγϑ΍ήΤϧ΍ΎϳΎϳέΩί΍ήΗD = H + ç
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Ϫ̰ϴϟΎΣέΩ
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   WWWDyx VVUUUUC  101010000 ,, 
  
˽˼
  00 W














































































































































































































































































ί΍ΪѧѧѧѧѧѧѧѧϨΗέΎΒϋΩΎѧѧѧѧѧѧѧѧΑζϨѧѧѧѧѧѧѧѧΗ    0,0 wuwuί΍ΪѧѧѧѧѧѧѧѧϨΗέΎΒϋήΘѧѧѧѧѧѧѧѧδΑζϨѧѧѧѧѧѧѧѧΗ̵ΎѧѧѧѧѧѧѧѧϫϪѧѧѧѧѧѧѧѧϔϟϮϣϭ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ΪϨϛ ϲϣ ήϴϴϐΗΏ΁ ϢΠΣϱΎϣΩϑ΍ήσ΍ ϝΎϴγ ϭΏ΁ ϪΘδΑ ϢΠΣ ϦϴΑ Ύϣή̳ ϝΎϘΘϧ΍ ϥϭΪΑ Ϫϛ ϩΩήϛ ήϴϴϐΗ
̡ϱΎϣΩΏ΁ϥϮΘγί΍ϪτϘϧήϫέΩΎϣΩήΑέΎθϓήΛ΍Ρϼλ΍ΪϫΩϲϣ΍έϥ΁ϲϠϴδϧΎΘ̶Ττγ̵ΎϬΑ΁ήΜ̯΍έΩ
ϢϫΎΑΎΒϳήϘΗϩΪη̵ήϴ̳ϩί΍Ϊϧ΍ϞϴδϧΎΘ̡̵ΎϣΩϭΎϣΩήϳΩΎϘϣήΘδΑΖϤγϪΑήΘϣΎϫΪλϩΎ̳ϭΎϫϩΩΎΗϦϴϣί




















                                                                                      ( ˽˼˻ ) 
Ζγ΍ήϳίΕέϮλϪΑΏ΁ϥϮΘγέΎθϓϭϦϳϮϠ̯ΐδΣήΑϞϴδϧΎΘ̡̵ΎϣΩϪτΑ΍έ







T                                                                            (˼˼-˽) 
 
ϪϛrPΖγ΍ΎϳέΩΏ΁Ω΍ί΁΢τγέΩϊΟήϣέΎθϓˬRϭpCΎϫίΎ̳ΖΑΎΛˬ̱ήΑΪϳέΖΑΎΛΖϴϓήχϭ
ΪϨΘδϫΖΑΎΛέΎθϓέΩ̶ϳΎϣή̳Lavin and Marione, ˻˹˹˼)ΞϴϠΧ̵΍ήΑΖϓή̳ϪΠϴΘϧϥ΍ϮΗ̶ϣβ̡
ί΍ζϴΑ̶Ϥ̯ϖϤϋήΜ̯΍ΪΣΎΑαέΎϓ˺˹˹ςγϮΘϣϖϤϋϭήΘϣ˼˿ήΘϣ)ϖϤϋϢ̯Ώ΁ϪοϮΣ̮ϳβ̡






































ήϴΨΒΗ ϭ ϪϧΎΧΩϭέ ˬζΑΎΗ Ϊη ΍ήΟ΍ ήϳϭΎϧΕϻΩΎόϣ̵ΩΪϋϞΣέΩ̶ΗΎΒγΎΤϣ̵ΎτΧί΍ ΰϴϫή̡̵΍ήΑ
ϴϠΧέΩϪσϮΑήϣΪ̯έΩβ̯ϮΘγ΍ΎΑήΑ΍ήΑαέΎϓΞϴϠΧ̶ϠΣΎγρϮτΧϪϤϫ̵ϭέήΑϖϤϋˬαέΎϓΞ˼ήΘϣ















̶ϳΎϴϓ΍ήϐΟϝϮσ ̶ϳΎϴϓ΍ήϐΟνήϋ ήτγϩέΎϤη ϥϮΘγϩέΎϤη ϪτϘϧϖϤϋήΘϣ 
˽́.̀ ˻̂̀˺ ˺˼ ˺˾ ˺˺ 
˽́˿˼ ˻̂̀˺ ˺˼ ˺˽ ˺˺ 















































ΎΑ ϱ΍ Ϫϳϻ έΩαέΎϓ ΞϴϠΧ ϪΑ Ϊϧϭέ΍ ϱΩϭέϭ ϥΎϳήΟ ΩϮΟϮϣ ϱΎϬϳήϴ̳ ϩί΍Ϊϧ΍ αΎγ΍ ήΑ ΖϘϴϘΣ έΩ
ΖϣΎΨο˾˺Ωήϴ̳ϲϣΕέϮλήΘϣ ϪΑϲΤτγήϳί ϪϳϻέΩαέΎϓΞϴϠΧ ϪΑ Ϊϧϭέ΍ϱΩϭέϭϥΎϳήΟ
ΖϣΎΨο˺˹Ζγ΍ϩΪηϲϓήόϣϝΪϣέΩΞϴϠΧϪΑΪϧϭέ΍ϱΩϭέϭϖϤϋέΩϩΪϣ΁ΖγΪΑ̵ΎϫϩΩ΍ΩαΎγ΍ήΑ
ϴϘΤΗϖ
(Swift and Bower, ˻˹˹˼)ϭϥΎΘδϣίϞμϓϭΩέΩαέΎϓΞϴϠΧϪΑϥΎϤϋ̵ΎϳέΩϥΎϳήΟ ̶ΑΩ ˬ









































































































































































ROPME ˺̂̂˻ αέΎϓ ΞϴϠΧ ϪΑ Ϊϧϭέ΍ ϥΎϳήΟ ϭϥΎΘγ΍ϕήΑ ϭΏ΁ ϥΎϣίΎγϱΎϫ ϩΩ΍ΩαΎγ΍ ήΑ
ϥΎΘγίϮΧ ΖϣΎΨο ΎΑ˾˺αέΎϓ ΞϴϠΧ ϪΑ ήΘϣζΨΑ˽˾˼ Ϣϳί΍Ωή̡ ϲϣ ϝΪϣϱ΍ήΟ΍ ϪΑ ΖϬΟ
ί΍ϩΪϣ΁ΖγΩϪΑήϳϭΎμΗαΎγ΍ήΑαέΎϓΞϴϠΧϪΑΪϧϭέ΍ϥΎϳήΟGoogle EarthϱΎΘγ΍έέΩ˼˾ϪΟέΩ
Ζγ΍ϩΪηϲϓήόϣϝΪϣέΩϲϘϓ΍έϮΤϣϪΑΖΒδϧϥΎϳήΟϱΩϮϤϋϭϲϘϓ΍ϱΎϫϪϔϟϮϣϊϗ΍ϭέΩϱΎΘγ΍έέΩ
ΖϬΟ+x ϭy ΏήπϠλΎΣΕέϮλϪΑ Ϊϧϭέ΍ ϪϧΎϫΩϞΤϣέΩϭαϮϨϴγέΩ Ϊϧϭέ΍ϥΎϳήΟΖϋήγ
αϮϨϴδϛ˼˾Ζγ΍ϩΪϳΩή̳ϒϳήόΗϪΟέΩϪϳϻϚϳέΩαέΎϓΞϴϠΧϪΑΪϧϭέ΍ϱΩϭέϭϥΎϳήΟΖϋήγέ΍ΪϘϣ
ΖϣΎΨοϪΑ˾˺ϲϣήϴϴϐΗϲϧΎϣίϡΎ̳ήϫέΩϝΪϣϱ΍ήΟ΍ϩΎϣζηΕΪϣϲσϥΎΘδΑΎΗΎΗϥΎΘδϣίί΍ήΘϣ
ΪϨϛ Ηϭ ΎϬΘη΍Ω΍ϭήϴΛΎΗί΍ϥΩήϛϞλΎΣϥΎϨϴϤσ΍ϱ΍ήΑ ϪΘΒϟ΍ϝΪϣέΩ ϩΪηϪΘϓή̳έ΍ήϗήψϧ ΪϣϱΎϬθϨ
ϥΎϤϋϱΎϳέΩϭΪϧϭέ΍ί΍ϱΩϭέϭϱΎϬϧΎϳήΟˬΩΎΑζϨΗˬήϴΨΒΗˬΪϴηέϮΧζΑΎΗέΩϩΪηήϛΫήϳΩΎϘϣ ΎΑ





ϝΪϣ ϢϳΪϴγέϝϮΒϗ ϞΑΎϗ ϭΏϮϠτϣ ΞϳΎΘϧ ϪΑ ϝΪϣ ϩέΎΑϭΩϱ΍ήΟ΍ ϭ ήϳΩΎϘϣ ΎΑ ΎϬΘη΍Ω΍ϭ ϝΎϤϋ΍ ί΍ ΪόΑ
ζϨΗϝΎϤϋ΍ΖϟΎΣϭΩΎΑ΍έϝΪϣϥΎΘδΑΎΗϞμϓϞϳ΍ϭ΍ΎΗϥΎΘδϣίϞμϓί΍ϩΎϣζηϲσϪϧΎϴϫΎϣϦϴ̴ϧΎϴϣ
ϧΎϴϫΎϣϦϴ̴ϧΎϴϣΩΎΑϭΖΑΎΛΩΎΑΎΑ ΍έ΍ήΟ΍ϢθηϩΎϣϥΎϳΎ̡έΩϝΪϣΞϳΎΘϧΩέϮϣήϫέΩΎΗϢϴϨϛϲϣ΍ήΟ΍Ϫ
 ϲόϗ΍ϭ ϱέϮη ϭ ΎϣΩ Ε΍ήϴϴϐΗϱήϴ̳ ϩί΍Ϊϧ΍ ί΍ ϞλΎΣ ϥΎΘδΑΎΗ Ϟϳ΍ϭ΍ έΩ ΖΤλ ϥ΍ΰϴϣ ϭ ϢϴΠϨδΑ
ϢϴϨϛκΨθϣΩέϮϣήϫέΩ΍έϝΪϣϲΟϭήΧϱέϮηϭΎϣΩϦϴ̴ϧΎϴϣϱΎϫΥέϢϴϧΖϳΎϬϧέΩήΘϣ΍έΎ̡ϭΩ
ϟΎτϣΖΤΗϲϜϳΰϴϓϲϠλ΍Ϫό έϮΤϣϱΎΘγ΍έέΩϱέϮηϭ ΎϣΩΕ΍ήϴϴϐΗϱΎϫέϮΘϨϛ ϭαέΎϓΞϴϠΧέΩ
ϭ ϩΩήϛ ϪδϳΎϘϣ ϥΎΘδΑΎΗ Ϟμϓ έΩ ΩϮΟϮϣ ϱΎϬϳήϴ̳ ϩί΍Ϊϧ΍ ΎΑ ΍έ ϝΪϣ ϱ΍ήΟ΍ ί΍ ϞλΎΣαέΎϓ ΞϴϠΧ














































˾˻ ηϭ ΎϣΩΕ΍ήϴϴϐΗ̶τΧΐϴηί΍̵ήϴ̳Ϧϴ̴ϧΎϴϣ ΎΑ Ϫ̯̵έϮ˼˹ήγΎΗήγέΩκΧΎηϩΎ̴Θδϳ΍
Ϊϧ΍ϩΪϣ΁ΖγΩϪΑϪϳέϮϓέΩΞϴϠΧϩΪηϡή̳ϝΪϣέΩwarm upϱέϮηϭϲϳΎϣΩςϳ΍ήηϭϩΪηΖϴΒΜΗ
ωϭήηέΩϥΎΘδϣίϪϳέϮϓΩΎΠϳ΍΢τγέΩ
˾˺          z˹˺˻˹̀˺̀T=
˾˻ z˹˺˺̂˹˿̂˼̂ S= 
Ϊη̴Θδϳ΍ΪϨ̩έΩ̵έϮηϭΎϣΩϢ΋ΎϗϱΎϫΥέϢϴϧέΩαέΎϓΞϴϠΧΏήϐϟΎϤηΎΗΰϣήϫϪ̴ϨΗί΍ϪϘτϨϣϩΎ





























































































































































































































Ζγ΍ήϴϐΘϣ ΪόΑ ϩΎϣ ϪΑ ϩΎϣ ήϫ ί΍ ϭ ϩΩϮΑ ϩΎϣ έΩΖϋήγϦϳ΍Ϧϴ̴ϧΎϴϣ ϪΑ̵έϮηϭ ΎϣΩϱΎϫέϮΘϨϛ











































































































































































































































































































ΕΎϧΎγϮϧ ϪϛΖγ΍ Ϧϳ΍ΖϴϤϫ΍ ΰϳΎΣ ϪΘϜϧΎϫΰϴΧ ϭΖϓ΍ ϭ ϱέϮη ˬΎϣΩ ϲϧΎϣίϱΎϫϱήγϦϳ΍ έΩ
ϼΗ ϭ ϢψϨϣΎϧϲϧϭέΩ Ν΍Ϯϣ΍ ϞϴϟΩ ϪΑ ϥΎϳήΟΖϋήγϝΪϣ έΩ ϪϛΖγ΍  ϢσPOMΪϨΘδϴϧϚϴϜϔΗ ϞΑΎϗ
ϪΘϓΎϳζϳ΍ΰϓ΍ϥΎΘδΑΎΗ ϭέΎϬΑϱΎϬϠμϓέΩΕΎϧΎγϮϧϦϳ΍ ˬΩϮηϲϣ ϩΪϫΎθϣϕϮϓϞϜηέΩ ϪϛέϮτϧΎϤϫ
Ϫϳϻ Ϫϛ ΍ή̩ ˭Ζγ΍ Ώ΁ ϥϮΘγ έΩ ΎϣΩ ΪϳΪη ϥΎϳΩ΍ή̳ ΩΎΠϳ΍ ϭ ϦϳϼϛϮϣήΗ ϞϴϜθΗ ϥ΁ ϞϴϟΩ Ϫϛ Ζγ΍
Αϡ΍ϮΗϭΖγ΍ϲϠΧ΍ΩΝ΍Ϯϣ΍ΩΎΠϳ΍ϞΤϣϦϳϼϛϮϣήΗϲϣήΘθϴΑϱέϮηϭΎϣΩϥΎϳΩ΍ή̳ˬϦϳϼϛϮϣήΗϪόγϮΗΎ
ΩϮη ϦϳϼϛϮϣήΗϖϤϋήϴϴϐΗϦϴϨ̪Ϥϫ ϭΏ΁ϥϮΘγέΩ ΎϣΩ ϥΎϳΩ΍ή̳ ΩΎΠϳ΍ ϝΎΒϧΩ ϪΑϦϳϼϛϮϣήΗϞϴϜθΗ
Ζγ΍βϧϻϮΑήΗ ϭϲϧϭέΩΝ΍Ϯϣ΍ϞϴϜθΗϲϠλ΍ϞϣΎϋ Ν΍Ϯϣ΍έΎθΘϧ΍ ˬϦϳϼϛϮϣήΗϖϤϋήϴϴϐΗ ϊϗ΍ϭέΩ






ΪϧϮηϲϣϞϴϜθΗϢϫϢσϼΗϭ̶ϠΧ΍ΩΝϮϣˬΪϫΩ̶ϣ̵ϭέρϼΘΧ΍ΩΎΑζϨΗϪϠϤΟ(Alford and Pinkel, 
˻˹˹˿) ί΍ ΪϨΗέΎΒϋαέΎϓΞϴϠΧ έΩ ϢσϼΗωϮϗϭϲϠλ΍ ϞϠϋ έΩ Ϫϛ ϦϳϼϛϮϣήΗ έΩϲΟϮϣΕΎϛήΣ
ϬΑϲτϳ΍ήηϭήϴΨΒΗˬαέΎϓΞϴϠΧϪΑϥΎϤϋϱΎϳέΩϥΎϳήΟϭϪϧΎΧΩϭέΏ΁ΩϭέϭˬΖγ΍ΝϮϣΖδϜηϩ΍ήϤ
ϲϟΎ̴̩ϥΎϳΩ΍ή̳
(Swift and Bower, ˻˹˹˼ϢσϼΗϩΪϳΪ̡ ΎΑςΒΗήϣρϼΘΧ΍ϭϒϠΘΨϣϱΎϫϪοϮΣϦϴΑΏ΁ϝΩΎΒΗ
ΪϨΘδϫ ϞΤϣ ϦϴϨ̪Ϥϫ ϭ ρϼΘΧ΍ Ϫϳϻ  ˬϢσϼΗ έΎθΘϧ΍ ΎθϨϣ ϭ ϢσϼΗ ϊΑΎϨϣ ϦϳήΘϤϬϣ ί΍ ϪΘΒϟ΍ϞϴϜθΗ
Ζγ΍ϦϳϼϛϮϣήΗMatsuno et al., ˺̂̂̀ ΩΎΠϳ΍ΐΟϮϣΏ΁ϥϮΘγί΍̶ϘϤϋ ϪϳϻέΩήΘδΑζϨΗ
Ζγ΍ήΛΆϣΏ΁ϥϮΘγέΩϢσϼΗΪηέέΩ̵έ΍ΪϳΎ̡ΎϧϪΘΒϟ΍ ˭ΩϮη̶ϣήΘδΑ̮ϳΩΰϧϪϳϻέΩϢσϼΗέΎΘϓέ





Moum et al., ˻˹˹́)ήοΎΣϝΪϣέΩί΍ήΗϲϤσϼΗέΎΘϓέϭϢσϼΗ˾˻ϖϴϘΤΗέΩϩΪηϪ΋΍έ΍
, ˺̂́˻)  (Mellor and YamadaΎτϣΪηϪόϟαέΎϓΞϴϠΧϲϟΎϤηΖϤδϗέΩϲϤσϼΗϱ̫ήϧ΍ΕϭΎϔΗ
ϖϴϘΤΗϪόϟΎτϣΩέϮϣϪϘτϨϣΤϣϥΎΘδϣίϭϥΎΘδΑΎΗϞμϓϭΩέΩϭ ΎϣΩϥΎϳΩ΍ή̳Ϫϛ ΍ή̩˭Ζγ΍αϮδ









Ϊϧέ΍Ω ήϴΛΎΗ ϢσϼΗΕΪη ήΑ  ϥ΍έΎϜϤϫ ϭ ΰΟΩΎϫ˻˹˹˹ Ϛϳ έΩ ΩϮΧϱΪόΑ Ϫγ ϝΪϣϱ΍ήΟ΍ ΎΑ ΰϴϧ
΍ϪΑΏ΁ϱΎϫήΘϣ΍έΎ̡Ε΍ήϴϴϐΗϱίΎδϟΪϣϭϲΑ΁ϪοϮΣϱΎϬϳέ΍ϮϤϫΎϧϭήΘδΑΐϴηϪϛΪϧΪϴγέϪΠϴΘϧϦϳ
ΪϧϮηϲϣϲϠΧ΍ΩΝ΍Ϯϣ΍ϭϢσϼΗ ΩΎΠϳ΍ΐΟϮϣϲΑ΁ϱΎϫϪοϮΣήΘδΑέΩ ΩϮΟϮϣήΘθϴΑέΩϪΠϴΘϧϦϳ΍









































Ζγ΍ ϪΘη΍Ωζϳ΍ΰϓ΍ ϭ Ϊηέ ϥΎΘδΑΎΗ Ϟϳ΍ϭ΍ ΎΗ ϥΎΘδϣί ί΍ ϭ Ζϓ΍ ϥ΍ΰϴϣ ϪϛΖϔ̳ ϥ΍ϮΗ ϲϣ ϊϗ΍ϭ έΩ
ήΘθϴΑϥΎΘδΑΎΗέΩαέΎϓΞϴϠΧϲϟΎϤηΖϤδϗέΩΏ΁ϥϮΘγέΩϢσϼΗϭϲϧϭέΩΝ΍Ϯϣ΍ϪΑρϮΑήϣϱΎϫΰϴΧ
Ζγ΍ϥΎΘδϣίέΩέ΍ΪϘϣϦϳ΍ί΍ϓΎϳϪόγϮΗϦϳϼϛϮϣήΗϥϮ̩ϲϠΧ΍ΩΝ΍Ϯϣ΍ˬΖγ΍ϩ΍ήϤϫΎϣΩϥΎϳΩ΍ή̳ΎΑϪΘ





 ϢσϼΗβ̡ ˬϩΩϮΑήΘθϴΑήΘδΑζϨΗΖγ΍ήΘθϴΑΏ΁ϥϮΘγέΩήΘδΑ ϪϳϻέΩ έΩήΘδΑζϨΗήϴΛΎΗ ϪΘΒϟ΍
























ϪΑ ϥΎΘδΑΎΗ Ϟμϓ Ϟϳ΍ϭ΍ ϪΑ ϥΎΘδϣίϪϧΎϴϫΎϣ Ϧϴ̴ϧΎϴϣ ΩΎΑ ΎΑ ΍ήΟ΍ έΩιϮμΧ ϪΑ ϲΠϳέΪΗ ΕέϮλ
ΖϗΩϝΪϣϱ΍ήΟ΍ί΍ϞλΎΣΞϳΎΘϧΕέϮλϪΑϱέϮηϭΎϣΩϪϧΎϴϫΎϣΕ΍ήϴϴϐΗϪΑή̳΍ϪΘΒϟ΍˭Ζγ΍αϮδΤϣ







ΩϮη ΖϤγ ϪΑ ΰϣήϫ Ϫ̴ϨΗ ί΍ϦϳϼϛϮϣήΗ ˬϱϮΟςϳ΍ήηήϴϴϐΗ ΎΑ ϥΎΘδΑΎΗ Ϟμϓ ϪΑϥΎΘδϣίϞμϓί΍
ΪΑΎϳ ϲϣ ϪόγϮΗ αέΎϓ ΞϴϠΧ ϲϟΎϤη ΖϤδϗ ϱΎϬθϨΗ ήϴϴϐΗϭ ̶γΎϨη΍Ϯϫ ̵ΎϬΘη΍Ω΍ϭ ήϴϴϐΗ ΖϘϴϘΣ έΩ
΍ΖϠϋϲϧΎϣί ϩέϭΩ Ϧϳ΍ έΩ ΩϮΟϮϣ ̶ΤτγΪηΎΑ ϲϣ ϝϮΤΗ Ϧϳ ϱΎϬθϨΗ ϭ ΎϬΘη΍Ω΍ϭ ήϴϴϐΗΖϘϴϘΣ έΩ
ΪηΎΑϲϣϝϮΤΗϦϳ΍ΖϠϋϲϧΎϣίϩέϭΩϦϳ΍έΩΩϮΟϮϣϭΩέΩϝΪϣϱ΍ήΟ΍ί΍ϩΪϣ΁ΖγΪΑΞϳΎΘϧαΎγ΍ήΑ
ϱΎϬϠϣΎϋϭ ΎϬΘη΍Ω΍ϭέΎϨϛέΩ Ϫϛ Ϣϴγέϲϣ ϪΠϴΘϧϦϳ΍ ϪΑήϴϐΘϣ ϪϧΎϴϫΎϣϦϴ̴ϧΎϴϣ ΩΎΑ ϭΖΑΎΛ ΩΎΑΖϟΎΣ
θΗϭϲϳΎϣή̳έΎΘΧΎγˬή̴ϳΩϱΪϴηέϮΧζΑΎΗϭΖγ΍ΩΎΑζϨΗί΍ήΛΎΘϣϦϳϼϛϮϣήΗϞϴϜϢϛΩΎΑϩ΍ήϤϫϪΑ
Ζγ΍ ϪοϮΣ Ϧϳ΍ έΩ ϦϳϼϛϮϣήΗ ϪόγϮΗ ϭ ϞϴϜθΗ έΩ ϢϬϣ ϞϣΎϋϚϳαέΎϓ ΞϴϠΧ ΢τγ ήΑ ΐϳ΍ήο
 ΎϣΩϱ΍ήΑ ΎϬϳήϴ̳ ϩί΍Ϊϧ΍ ϭϝΪϣϱ΍ήΟ΍ΞϳΎΘϧ ϦϴΑϲ̴ΘδΒϤϫ́́˹ϭ́˽˹ϱέϮηϱ΍ήΑ ϭ́˿˹ϭ




Hodges et.al., ˻˹˹˹ϱΎϬϴϳΎΠΑΎΟϭϲΤτγϪϳϻρϼΘΧ΍ ΎΑ ϩ΍ήϤϫϖϤϋϢϛϦϳϼϛϮϣήΗϞϴϜθΗ
Ϊϧέ΍ΩϢσϼΗΪϴϟϮΗέΩϲϤϬϣζϘϧϪϛΖγ΍ϲϧϭέΩΝ΍Ϯϣ΍έΎθΘϧ΍ΎΑϡ΍ϮΗϦϳϼϛϮϣήΗΏ΁ϥϮΘγϱΪϨΑϪϘΒσ
ϬΑ΁ϭϲϠΣΎγϪϘτϨϣέΩέϮσϪΑϪϛΖγ΍Ν΍Ϯϣ΍Ϧϳ΍ ΩΎΠϳ΍ήΑέ΍ά̳ήϴΛΎΗϲϠϣΎϋϥ΍ϮϨϋϪΑϖϤϋϢϛϱΎ
ΪϨϛϲϣήϴϴϐΗϲϠμϓNavrotsky et al., ˻˹˹˽ϞμϓέΩαέΎϓΞϴϠΧέΩϲϧϭέΩΝ΍Ϯϣ΍Ϧϳ΍ήΑΎϨΑ
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Study of the development and evolution of seasonal thermocline and 






   The Persian Gulf (PG) is a semi-enclosed shallow sea which is connected 
to open ocean through the Strait of Hormuz. Thermocline as a suddenly 
decrease of temperature in subsurface layer in water column leading to 
stratification happens in the PG seasonally. The forcing comprise tide, river 
inflow, solar radiation, evaporation, northwesterly wind and water exchange 
with the Oman Sea that influence on this process. In this research, analysis 
of the field data and a numerical (Princeton Ocean Model, POM) study on 
the summer thermocline development in the PG are presented. The Mt. 
Mitchell cruise ˺̂̂˻ salinity and temperature observations show that the 
thermocline is effectively removed due to strong wind mixing and lower 
solar radiation in winter but is gradually formed and developed during 
spring and summer; in fact as a result of an increase in vertical convection 
through the water in winter, vertical gradient of temperature is decreased 
and thermocline is effectively removed. Thermocline development that 
evolves from east to west is studied using numerical simulation and some 
existing observations Results show that as the northwesterly wind in winter, 
at summer transition period, weakens the fresher inflow from Oman Sea, 
solar radiation increases in this time interval; such these factors have been 
caused the thermocline to be formed and developed from winter to summer 
even over the northwestern part of the PG. The model results show that for 
the more realistic monthly averaged wind experiments the thermocline 
develops as is indicated by summer observations. The formation of 
thermocline also seems to decrease the dissolved oxygen in water column 
due to lack of mixing as a result of induced stratification. Over most of PG 
the temperature difference between surface and subsurface increases 
exponentially from March until May. Similar variations for salinity 
differences are also predicted, although with smaller values than observed. 
Indeed thermocline development happens more rapidly in the Persian Gulf 
from spring to summer. Vertical difference of temperature increases to ̂ 
centigrade degrees in some parts of the case study zone from surface to 
bottom in summer. Correlation coefficients of temperature and salinity 
between the model results and measurements have been obtained ˹́˾ and 
˹́˹, respectively. The rate of thermcline development was found to be 
between ˹˺ to ˹˻ meter per day in the Persian Gulf during the ˿ months 
from winter to early summer. Also it is resulted from the used model that 
turbulence kinetic energy increases in the northwestern part of the PG from 
  
winter to early summer that could be due to increase in internal waves 
activities and stability intensified through water column during this time.                                                                                                        
  
Keywords: Persian Gulf, Thermocline, Numerical Model, POM. 
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